The purpose of the study was to compare the anthropometric, functional and sportspecific skill characteristics and goal orientations of male youth soccer players at the extremes of height and skeletal maturity in two competitive age groups, 11-12 and 13-14 years. The shortest and tallest players, and least and most skeletally mature players (n = 8 per group) within each age group were compared on chronological age; skeletal age (Fels method); pubertal status (pubic hair); size, proportions and adiposity; four functional capacities; four soccer-specific skills; and task and ego orientation. The tallest players were older chronologically, advanced in maturity (skeletal, pubertal) and heavier, and had relatively longer legs than the shortest players in each age group. At 11-12 years, the most mature players were chronologically younger but advanced in pubertal status, taller and heavier with more adiposity. At 13-14 years, the most mature players were taller, heavier and advanced in pubertal status but did not differ in chronological age compared with the least mature players. Players at the extremes of height and skeletal maturity differed in speed and power (tallest > shortest; most mature > lest mature), but did not differ consistently in aerobic endurance and in soccer-specific skills. Results suggested that size and strength discrepancies among youth players were not a major advantage or disadvantage to performance. By inference, coaches and sport administrators may need to provide opportunities for or perhaps protect smaller, skilled players during the adolescent years.
Variation in body size among youth sport participants is often discussed in the context of fair play, specifically the need to reduce mismatches that may provide Figueiredo and Coelho e Silva are with the Faculty of Sport Science and Physical Education, University of Coimbra, Coimbra, Portugal. Cumming is with the School of Health, University of Bath, Bath, UK. Malina is with the Dept. of Kinesiology and Health Education, University of Texas at Austin, Austin, TX, and the Dept. of Kinesiology, Tarleton State University, Stephenville, TX. unfair competitive advantages and contribute to the risk of injury (31) . Recognition of potential size and maturity mismatches in youth sport has been in the literature for more than 100 years. The efficacy of grouping youth by chronological age for sport was questioned in the first decade of the 20th century and use of "anatomic age" based on radiographs of the carpal bones was recommended as a more effective criterion (40, 41) . During the same period, use of "physiological age" based on development of pubic hair was recommended as a criterion to decide if a boy was "old" enough to work (8) . Two studies of Little League baseball players in the 1950s appeared to focus attention on the issue of maturity discrepancies in the sport (21, 24) :
"In general, the successful Little League ball player is old for his age… This boy succeeds, it may be argued, because he is more mature, biologically more stable, and structurally and functionally more advanced" (24, p. 55). These and subsequent observations in youth sports contributed in part to periodic calls for matching opponents by body size and biological maturity status in youth sports (4, 20, 43) .
Size and maturity differences among participants are routinely indicated as risk factors for injury, especially in contact sports, but evidence relating size and maturity differences to risk of injury is not consistent across sports (14, 29) . The study of Roy et al. (42) comparing the size, strength, speed and impact force of the eight smallest and eight largest Pee Wee ice hockey players 12.0-13.99 years at the cut-off date for player selection was perhaps the first to draw attention to the potential implication of size differences for injury by focusing on the difference in impact force between the largest and smallest boys. This highlighted the potential importance of size variation per se at the extremes of the distribution within a competitive age group and specifically for injuries associated with body checking in ice hockey and the need for rule modification.
Using an indicator of size such as height and/or weight for matching is seemingly straightforward, but variation in body size is considerable within one or two year age groups. Weight categories or limits are routinely used in youth football (American), largely for safety reasons and not for matching (35) . Matching by biological maturity status is periodically indicated, but assessment of maturity status is more complicated and often invasive (skeletal age, pubertal development). Noninvasive estimates are available, including pubertal self-assessment, percentage of predicted mature height, and estimated age at peak height velocity (32, 33) . Other issues needing attention include changes in size and maturity status during a season and behavioral implications of grouping, e.g., an older late maturing boy with a group of younger boys of the same maturity status (33) .
Psychological characteristics of youth sports participants are ordinarily considered superficially in the context of size and maturity variation. It has been suggested that matching strategies based on size and biological maturation ignore important social and psychological considerations such as cognitive and emotional development or removal of a players from participating with friends, and may in fact encourage social comparisons and/or ego involvement (9) . Emphasis on matching players on the basis of relatively stable characteristics such physical size or physique may encourage players to perceive ability as fixed rather than malleable (13) .
The aim of the current study is to compare the size, proportions, adiposity, functional capacities, sport-specific skills and goal orientations of male youth soccer players who were at the extremes of height and skeletal maturity in two competitive age groups, 11-12 and 13-14 years. It specifically compares the characteristics of the eight shortest and eight tallest and of the eight least and eight most skeletally mature players in the two competitive age groups. Based on our initial comparison of maturity-associated variation in the total samples for each age group (17) and observations on relationships among size, maturity and fitness in adolescent boys (33) , it was hypothesized that the tallest and most mature players would perform better in functional capacities but not in sport-specific soccer skills than the shortest and least mature players in each age group. Given limited goal orientation data for youth soccer players, it was also hypothesized that youth soccer players at the extremes of size and maturity in their respective age groups would not differ in goal orientation.
Methods

Sample
The shortest and tallest and least and most skeletally mature soccer players were selected from a sample of 159 boys 11-14 years of age. The players trained regularly at five soccer clubs in the midlands of Portugal, a region about midway between Lisbon and Oporto. All players were of Portuguese ancestry except one, who was of African ancestry. Players were born in 1989 through 1992 and represented two groups, defined by age on January 1 of 2003: 11-12 years (n = 87) and 13-14 years (n = 72). The clubs were involved in a 9-month competitive season (September-May) regulated by the Federação Portuguesa de Futebol. Teams had three training sessions per week (~90 min) and one game, usually on Saturday. All coaches were accredited by the Federation to direct training programs at the respective age levels.
The study was approved by the Scientific Committee of the University of Coimbra and each club. Athletes and their parents provided informed consent. Subjects were informed that participation was voluntary and that they could withdraw at any time.
Protocol
All data were collected within a two week in December 2003 (11-12 years) and April 2004 (13-14 years) under standard conditions in an indoor facility at the University of Coimbra. Complete data for all players included chronological age, skeletal age, pubertal status, anthropometry, functional capacities, soccer-specific skills and goal orientation. With the exception of perceptual-cognitive characteristics and "game intelligence," the variables are included among components of "soccer talent" (47) . Specific details of the measurement and testing protocols have been previously reported (17) , but are briefly summarized subsequently.
Age and Skeletal Maturity. Chronological age (CA) was calculated as the difference between date of birth and date on which a radiograph of the left handwrist was taken. The radiographs were evaluated with the Fels method for the assessment of skeletal age (SA) of the hand-wrist (39) . An SA corresponds to the level of skeletal maturity attained by the player relative to the reference sample upon which the method of assessment was based. Radiographs were assessed by a single observer (AJF).
Pubertal Status. Stage of pubic hair (PH) was assessed at clinical examination by a physician experienced in the protocol of Tanner (45) .
Anthropometry. A single trained observer measured height, height, sitting height and four skinfolds (triceps, subscapular, suprailiac, medial calf) using protocols described in Lohman et al. (27) . Players wore shorts and a t-shirt and shoes were removed. The BMI was calculated and skinfolds were summed to provide an estimate of adiposity. Sitting height was expressed as a percentage of standing height (sitting height ratio) to provide an indicator of body proportions or relative leg length.
Functional Capacities. Aerobic endurance, running speed, agility and explosive power were measured. The yo-yo intermittent endurance test-level 1 (1) was the measure of aerobic performance. Level 1 required the subject to perform a series of 20-m shuttle runs following a cadence set by an audio metronome with a 5-s rest interval between every 40 m. Speed was increased at intervals, i.e., the time between the signals was shortened. The objective of the test was to perform as many shuttles as possible. The score was the total meters covered until the athlete was no longer able to maintain the required speed, e.g., if a subject completed 40 shuttles, his score was 1600 m (40 × 2 × 20) .
The fastest sprint assessed with the 7-sprint protocol (1) was the measure of running speed. The test included 7 consecutive sprints (~35 m including a slalom) with a recovery period of 25 s between sprints during which the subject ran/walked from the end line back to the starting line. The time for each sprint was recorded by a digital chronometer connected to photoelectric cells (Globus Ergo Tester Pro).
The 10 × 5-m shuttle was the measure of agility, a composite of running speed and ability to change directions rapidly (7, 38) . The time for two trials was recorded by a digital chronometer connected to photoelectric cells (Globus Ergo Tester Pro); the better of the two was retained for analysis.
The counter-movement jump, measured with the ergo-jump protocol without use of the arms (3), was the measure of explosive power. Two trials were administered for each test and the better trial was retained for analysis.
Soccer Skills. Four tests of soccer skill were assessed: ball control with the body (juggling), dribbling speed, shooting accuracy and passing (16, 23 ). Ball control was tested within a 9 × 9 m square. The player had to keep the ball in the air without using the arms or hands. The score was the number of hits of the ball before it fell to the floor. Counting stopped when the ball hit the floor, the subject moved out of the square, and/or the subject touched the ball with the arms or hands. The better of two trials was retained for analysis.
For dribbling speed, a cone was placed on each corner of the 9 × 9 m square. A fifth cone was place midway (4.5 m) on the line of the square where the test began The near end thus had 3 cones (one on each corner and the third midway) and the far end had 2 cones (one at each corner). Beginning at one corner, the athlete conducted the ball with the feet (dribble) around the three cones in slalom fashion (corner directly opposite the starting cone, the cone placed midway, and the cone diagonally opposite the starting cone), and then dribbled the ball into the fifth cone. The objective was to complete the drill as fast as possible by controlling the ball only with the feet and without knocking down the cones. If a cone was knocked over, the athlete had to place it upright and continue the test. The overall slalom distance was about 40 m. Two stopwatches were activated when the player started and stopped when the ball was dribbled into the fifth cone. Two trials were given. The mean of the four recorded times (two for each trial) was the score for analysis.
The wall pass involved a target 1.22 m high (starting from the floor) and 2.44 m wide drawn on a flat wall. At a distance of 1.83 m from the marked wall, an area 1.83 m in length and 4.23 m in width was marked on the floor. The player had to remain in this area. The test required the players to make as many passes to the wall in 20 s. Players could use all body parts except the hands to make a pass. If the player left the marked area to retrieve a ball or played the ball with the hand, one point was subtracted. Three trials were given. Each trial was recorded and scored subsequently. The best trial was retained for analysis.
Shooting accuracy was measured in five attempts at kicking the ball at a 2 × 3 m goal located at the end line of a 9 × 9 m square. The target was divided by ropes into six sections: one was placed horizontally between the posts at a height of 1.5 m, while two ropes were dropped from the crossbar, 0.5 m from each post. Points were allocated as follows: upper right and left sections, 5 points; lower right and left sections, 3 points; upper middle section, 2 points; and lower middle section, 1 point. Kicks were attempted with the player standing outside of the square at the opposite line of the goal. The maximum score was 25 points. The test was recorded and scored subsequently.
Goal Orientation. A Portuguese version (19) of the Task and Ego Orientation in Sport Questionnaire (TEOSQ, 5,11) was completed by all players. The TEOSQ includes 13 items which were rated on a 5 point Likert scale ranging from strongly disagree (lowest), disagree, neutral, agree and strongly agree (highest). Seven items reflected a task orientation while 6 reflected an ego orientation.
Quality Control. Thirty-two players were measured and tested on a second occasion within one week. Coefficients of reliability for functional capacities and soccer skills and intraobserver technical errors of measurement for anthropometric dimensions were calculated. Technical errors for anthropometry were as follows: weight (0.47 kg), height (0.27 cm), sitting height (0.31 cm), triceps (0.52 mm), subscapular (0.53 mm), suprailiac (0.72 mm) and medial calf (0.47 mm). The estimates compared favorably with intra-and interobserver errors in several health surveys in the United States and a variety of field surveys, including studies of young athletes (28) .
Coefficients of reliability (37) , the ratio of within-subject (r) and intersubject (s) variances, R = 1-(r 2 /s 2 ), for the functional capacity tests were as follows: intermittent endurance run (0.88), fastest sprint (0.91), countermovement jump (0.87) and agility shuttle run (0.84). Corresponding coefficients for the soccer skill tests were as follows: ball control (0.77), dribbling speed (0.74), wall pass (0.83) and shooting accuracy (0.71). Overall, the coefficients indicated moderate to high reliabilities for the functional and skill tests.
The mean difference between SA assessments of two independent assessors (n = 20, AJF, RMM) and interobserver technical error of measurement were small, 0.03 ± 0.04 years and 0.12 years, respectively. Replicate assessments of pubertal stage were not possible.
Cronbach's alphas for task (0.76) and ego (0.85) orientation indicated acceptable internal consistency. Confirmatory factor analysis using an independent sample indicated that the scale demonstrated acceptable factor structure (comparative fit index, CFI = 0.91; goodness of fit index, GFI = 0.93; standardized root mean square residual, SRMR = 0.07).
Size and Maturity Extremes
The eight shortest and eight tallest players within each competitive age group were selected. The least and most skeletally mature youth within each age group were, respectively, the eight players in whom SA lagged behind CA and eight players in whom SA was in advance of CA by the greatest amounts. Among the younger and older age groups, four and three players, respectively, were represented in both the shortest and least mature groups, and two and no players, respectively, were represented in both the tallest and most mature groups. Although size and maturity are related, concordance at the extremes was not high.
Players in the extreme groups did not differ in years of soccer experience. Among players 11-12 years, the shortest and tallest players had, respectively, 2.6 ± 1.3 and 2.9 ± 1.7 years (F = 0.15), while the least and most mature players had, respectively, 3.3 ± 2.0 and 2.3 ± 1.0 years (F = 1.57) in soccer. Among older players, the shortest and tallest players had, respectively, 4.3 ± 1.0 and 5.1 ± 1.2 years (F = 2.33), while the least and most mature players had, respectively, 4.4 ± 0.5 and 4.7 ± 1.4 years (F = 0.68) in soccer.
Current Playing Status
Data for the total sample of 159 players were collected in December 2003 (11-12 years) and April 2004 (13-14 years) while they were competing in the respective youth divisions. All players were contacted again in 2005 to determine current status in the sport (18) . Three groups were defined: (a) Dropout-players who discontinued (abandoned) soccer (n = 36); some, however, enrolled in other sports; (b) Club-players who continued practice and competition at the same club (n = 90); (c) Elite-players who were selected for the regional team or by elite clubs-SL Benfica, FC Porto, and Sporting Lisbon which have national strategies for talent identification and development (n = 33); transfer to another club required approval of both sending and receiving clubs. The follow-up status of the shortest and tallest and of the least and most mature players was compared in each competitive age group.
Analysis
Group-specific descriptive statistics were calculated for all variables except stage of PH. For the latter, the frequencies of stages were tallied and distributions were tested with Chi square. Multivariate analyses of variance (MANOVA) with Bonferroni adjustment for multiple comparisons were used to compare the respective groups in size, maturity, proportions, adiposity, functional capacities, skills and goal orientations. Comparisons of groups of small sample size are prone to Type II errors; hence, p < .10 was accepted. Cohen's d (the difference between group means divided by the pooled standard deviation of the groups) was used to indicate the magnitude of differences (effect size) in each variable. For application of Cohen's d, an effect size of 0.2-0.3 is considered a small effect, 0.5-0.8 is a medium effect, and ≥0.8 is a large effect (7) . A positive Cohen's d indicated that the tallest or most mature group had the higher value for a specific variable compared with the shortest or least mature group, respectively. Signs were reversed for timed items, the sprint, agility shuttle run and dribbling speed.
Results
Players 11-12 Years
Descriptive statistics for the physical, functional, skill and goal orientations of 11-12 year old players at the extremes of size and maturity are summarized in Tables 1 and 2 
Players 13-14 Years
Descriptive statistics of 13-14 year old players at the extremes of size and maturity are summarized in Tables 3 and 4 
Playing Status at Follow-Up
Playing status of the extreme size and maturity groups two years after baseline observations is summarized in Table 5 . Among players 11-12 years, five of the shortest players remained at the club level, while five of the tallest players moved to the elite level. In contrast, there was no consistent trend in the subsequent playing status of 11-12 year old players at the extremes of skeletal maturity. Three of the least and three of the most mature players dropped-out of the sport, while two of the least and one of the most mature players moved to the elite level.
Among 13-14 year old players, five of the shortest players dropped out of soccer while four of the tallest players moved to the elite level. Five of the most mature players moved to the elite level while five of the least mature players remained at the club level. None of the tallest and of the most mature 13-14 year old players dropped out of soccer while five of the shortest and two of the least mature dropped out of the sport. 
Discussion
The hypothesis that the tallest and most mature players would perform better in functional capacities but not sport-specific soccer skills than the shortest and least mature players in each age group was generally supported by the results with the exception of the endurance shuttle run. The advantages of larger size and advanced maturity were reflected in better performances of the tallest group in tests of power, speed and agility in players 11-12 years and in power and speed in players 13-14 years. The advanced maturity status of the most skeletally mature group was also reflected in larger body size, but differences in functional capacities of the least and most skeletally mature 11-12 year old were not significant, except for the endurance test which favored the least mature. Among players 13-14 years, the most mature players performed better in the vertical jump, agility shuttle run and sprint compared with the least mature players, while the difference in the endurance was negligible. The results were generally consistent with maturity-associated variation in size and performance of adolescent boys which are more marked during mid-adolescence (33) . The preceding should be viewed in the context of what is known about the skeletal maturity status of youth soccer players. The number of late maturing players is reduced with increasing chronological age (CA) during adolescence, and adolescent soccer players as a group tend to be advanced in maturity status compared with the general population (30, 34, 36) . This was evident in the maturity status of the extreme size and maturity groups in the current study. Skeletal age (SA) corresponds to the level of skeletal maturity attained by the player relative to the reference sample upon which the method of assessment was based. It is expressed relative to CA of the player. Players are also classified as late, average or early maturing based on the difference between SA and CA (33): late for CA, SA younger than CA by > 1.0 year; on time for CA (average), SA within ± 1.0 year of CA; and early for CA, SA older than CA by > 1.0 year.
Applying these criteria to the players in the extreme size and maturity categories, the distributions were as follows. Among players 11-12 years, 4 of the shortest were late and 7 of the tallest were early in SA, while among players 13-14 years, 3 of the shortest were late and 2 of the tallest were early in SA; the remainder in each age group were on time or average. As expected, all of the most mature players in each age group were early maturing. All of the least mature players 11-12 years were late maturing, but among the least mature players 13-14 years, 4 were late maturing and 4 were on time or average. Only 4 of the total sample of 72 players 13-14 years (~5%) were late maturing (17) . The lack of late maturing players is consistent with observations for other samples of adolescent soccer players (30, 34, 36) .
Performance in the yoyo endurance shuttle run in soccer players of contrasting maturity status differed in the two age groups (Tables 2 and 4 ). Endurance performance was significantly better in the least compared with the most mature players 11-12 years, but did not differ between the least and most mature players 13-14 years. In contrast, endurance performance of the shortest and tallest players in both age groups did not differ. Perhaps, the smaller mass of the less mature younger players may contribute to better aerobic endurance as measured by the yoyo shuttle run whereas among older players more experience and training in the sport may have functioned to reduce the difference between players at the extremes of size and maturity. On the other hand, absolute peak VO 2 performed under laboratory conditions is, on average, greater in early compared with later maturing boys 11-14 years of age (33) .
In contrast to functional capacities, the shortest and tallest and the least and most mature players in each age group did not differ consistently in soccer skills. The results highlight the limited role of size and maturity status of youth players in the performance of soccer skills. Size per se and the size advantage of early maturation, of course, may be important for specific positions and player interactions. Nevertheless, the lack of consistent differences in soccer skills between the shortest and tallest and least and most skeletally mature players in each age group has implications for youth coaches. The higher proportion of drop-outs among the smallest players, especially at 13-14 years, suggests that coaches and sport administrators may need to provide opportunities for or perhaps protect smaller, skilled players during the adolescent years. Shortness may be transient, to some extent, as size difference between boys at the extremes of maturity is generally reduced as all boys eventually reach maturity in late adolescence (33) .
The hypothesis that youth soccer players at the extremes of size and maturity in their respective age groups would not differ in goal orientation was partially supported. The tallest and shortest players in the current study did not differ in task orientation and neither ego nor task involvement differed between the least and most mature groups of youth soccer players. However, the shortest players had significantly higher ego orientation than the tallest players in each age group. Although numbers were small, the shortest players were more likely to judge their abilities relative to the performances of others in contrast to the tallest players who had a lower ego orientation. It is possible that players who were notably shorter than their peers were more likely to judge their competence relative to others due to the size disadvantage.
The results pertaining to group differences in goal orientation indicate a need for further study. Ego in contrast to task involvement was associated with less adaptive engagement in sport, particularly for youth who doubt their competence or are less successful (12) . Although there is little evidence linking body size and goal orientations in sport, physical characteristics associated with growth and maturation hold significant social stimulus value for both young athletes and coaches (10) .
The rational for equating players by size and/or maturity status is generally set in the context of reducing unfair advantages associated with size and strength and reducing the risk of injury, specifically injuries associated with physical contact. Injury in youth soccer is reasonably well documented (15, 25) . Most injuries are minor, but associations with size and maturity are not well established. Baseline BMI and functional capacity (strength, balance, flexibility, endurance) were not associated with risk of injury during a season among elite players in U-14, U-16 and U-18 year competitive age groups (26) . Incidence of injury was also not significantly associated with pubertal status in a mixed-longitudinal sample of elite youth players 8-15 years (2,44), with SA (Fels) in elite youth players 9-16 years (22) , and with SA (Greulich-Pyle) in elite youth players in U-14, U-16 and U-18 competitive age groups (26) . On the other hand, 8 of 11 soccer players 12.2-15.7 years presenting with epiphyseal injuries during a season had SAs (Sempé method) that would categorize them as late maturing (46) . Different methods for assessing skeletal maturation are discussed in more detail elsewhere (33) .
Implication
Although players at the extremes of height and skeletal maturity differ in speed and power, they do not differ in aerobic endurance and in soccer-specific skills. This would seem to suggest that size and strength discrepancies among players are not a major advantage or disadvantage to performance in youth soccer. Coaches and sport administrators may, however, perceive players of greater size and power as being better in some facets of the game, e.g., jumping to head a ball and in tackling, or for a specific position, e.g., defenders and goal keepers. This may contribute to the higher proportion of drop-outs among the smallest players, especially at 13-14 years. By inference, coaches and sport administrators may need to provide opportunities for or perhaps protect smaller, skilled players during the adolescent years.
